Streptothricins (STs) produced by
been identified in transposons such as Tn1825 and Tn1826, which have been isolated from bacteria that are resistant to ST (12) ; such transposons have also been isolated from human pathogens such as Shiga toxin-producing Escherichia coli (13) and the Shigella strain (14) . Bacterial resistance to antibiotics that inhibit protein biosynthesis (e.g., aminoglycosides) can occur as a result of decreased antibiotic uptake and accumulation, modification of 16S RNA or ribosomal proteins, or enzymatic modification of the antibiotics (15) .
However, in the case of bacterial resistance to STs, only one resistance mechanism has yet been identified: the resistance is due to a modification of the ST molecule by monoacetylation at the β-amino group (position 16) of β-lysine(s) (Fig. 1 ).
In fact, in ST producers such as S. lavendulae (16) , S. rochei (17) and S. noursei (18, 19) Here, we describe the cloning of a gene whose product confers ST resistance through the modification of streptolidine lactam, as expected.
Additionally, we used the recombinant enzyme of this gene product to investigate its functions and properties. We also discuss an interesting observation regarding the selective toxicity of an ST compound that was converted by the gene product. were isolated on R5 agar medium (23) . Of the 13 transformants, one harboring a plasmid containing a 2.9-kb insert (pWHM3-st11) was selected for further experiments (Fig. 2) . After we determined the complete nucleotide sequence of the 2.9-kb fragment, one plasmid carrying open reading frame-2 (ORF2)-ORF3 (pWHM3-orf2-3) and another carrying ORF1 (pWHM3-orf1) were constructed using pWHM3 (Fig. 2) . 
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Cloning and Sequencing Analysis of the ST-Resistance Gene − Based on the present studies of MICs for STs in the Streptomyces
strains that have not been accepted as ST producers, Streptomyces albulus NBRC14147 was found to be more resistant to STs than the ST producer S. lavendulae NBRC12789 (Table 1) .
Furthermore, PCR using primers designed for genes that encode NATs for STs and the genomic DNA of the NBRC14147 strain as a template did not show any amplified fragments. However, a specific amplified fragment was detected when the genomic DNA of S. lavendulae NBRC12789 was used (data not shown). Therefore, since the selected one which harbored the pWHM3 plasmid carrying a 2.9-kb fragment (pWHM3-st11, Fig. 2 and Table 1) for further experiments because
Southern blotting using this fragment as a probe revealed that all plasmids isolated from these transformants carried the 2.9-kb fragment (data not shown).
The sequencing analysis of the 2.9-kb DNA fragment and frame analysis with the codon usage for Streptomyces strains (27) revealed two ORFs (ORF1 and 2) and one partial ORF (ORF3) (Fig. 2) . In order to determine the functions of the individual ORFs, we searched the relevant databases (UniProt) with their translated products using BLAST (28); the results are summarized in 
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− Although the biological activity of chemically prepared ST-F-acid has been reported to be negligible in microorganisms and plants (20, 21) , pombe (Table 3) .
DISCUSSION
To obtain our target gene that confers ST 
